Depression is a major public health concern, and the period from late childhood through early adolescence is a critical time in the development of depressive symptoms. In adults, depression and depressive symptoms are associated with a reduction in the feedback negativity (FN), an ERP component elicited by feedback indicating rewards versus losses. The current study sought to extend these findings to a sample of 64 children aged 8-13, and to examine developmental differences in the FN. Consistent with previous work in adults, higher depressive symptom scores were associated with a blunted FN across the sample. When responses to losses and gains were examined separately, only reduction in the response to monetary gain was associated with increased depressive symptoms. In the current study, the vast majority of children were pre-pubertal, and the FN was unrelated to both age and pubertal development. The FN may be an ideal biomarker for studying changes in reward sensitivity and depression that emerge as children transition through puberty.
Introduction
Depression is a debilitating, costly (Berto et al., 2000; Luppa et al., 2007) , and widespread disorder that affects children as well as adults, with 2.2% of 9-16-year-old children meeting criteria for depression in a given three-month period and with an estimated cumulative prevalence of 9.5% by age 16 (Costello et al., 2003) . Early symptoms of depression in youth are arguably the strongest predictor of adolescent and adult depression. Each additional depressive symptom at ages 8-10 is associated with a 50-80% increase in risk for developing a depressive disorder by age 11-13 (Keenan et al., 2009) , and subthreshold depression in adolescence confers an estimated risk of 67% for a diagnosis of depression by the time individuals are in their early 30s (Klein et al., 2009) . A core diagnostic criterion of depression is anhedonia (American Psychiatric Association, 2000) , a lack of interest in pleasurable activities. Anhedonia has been conceptualized in terms of dysfunction of an approach-related behavioral system (cf. Davidson, 1998; Henriques and Davidson, 2000) , and reduced responsiveness to reward (Pizzagalli et al., 2008; Treadway et al., 2009) .
In line with behavioral conceptualizations of reward responsiveness, aberrant neural processing of rewards has been consistently reported in association with mood disorders in adults. For instance, adult patients diagnosed with major depression show decreased mPFC and striatal activation in response to monetary reward and positively valenced visual stimuli, and decreased amygdala activation in response to happy words using fMRI (for a review, see Diekhof et al., 2008) .
Children with depression show abnormal patterns of reward responsiveness, as well as more general negative biases in memory (Bishop et al., 2004) and in their interpretation of events (Krackow and Rudolph, 2008) , similar to those seen in adults. Reward responsiveness is often evaluated using guessing tasks, in which the participant makes a selection that can result in a win or a loss, but is not directly tied to performance. In contrast to their non-depressed counterparts, who are more likely to choose the chance for a highmagnitude reward in a guessing task than a low-magnitude reward when the probability of receiving the reward is high, 11-year-old boys with depression do not distinguish between the high-and low-magnitude reward options (Forbes et al., 2007) . Forbes et al. (2006) found that 9-17-year-old boys and girls with depression show less activation in reward-related brain areas (i.e., anterior cingulate cortex, left caudate, and orbitofrontal cortex) than healthy age-matched controls in response to feedback about rewards and losses. These findings suggest that hyposensitivity to reward may be a relatively early-emerging and stable marker of depression.
In light of the drastic increase in depression from childhood to adolescence (Cohen et al., 1993; Costello et al., 2003) , it may be especially important to identify early neural markers of rewardrelated dysfunction that precede the emergence of a full-threshold mood disorder in adolescence and adulthood. Given that early symptoms of depression in youth are arguably the strongest predictor of adolescent and adult depression (Keenan et al., 2009; Klein et al., 2009; Pine et al., 1998) , it is important to identify markers in childhood that may help to signal the emergence of early depressive symptoms. Hence, the primary goal of this study was to examine the association between depressive symptoms and a putative neural marker of diminished responsiveness to reward in a sample of 8-13-year-old children. This is an important first step toward the eventual goal of linking a neural marker seen in childhood to the development of depression in adulthood.
The feedback negativity (FN) is a frontally maximal ERP component (Dunning and Hajcak, 2007; Gehring and Willoughby, 2002; Hajcak et al., 2006; Miltner et al., 1997) that is associated with reward processing in healthy adults. The FN peaks approximately 300 ms after the presentation of feedback indicating a favorable versus unfavorable outcome in paradigms in which the participant loses or wins money (Dunning and Hajcak, 2007; Hajcak et al., 2006 Hajcak et al., , 2007 . It is more negative for undesirable outcomes than for desirable ones, but is insensitive to the magnitude of the outcome; that is, the FN reflects a binary evaluation of outcomes as either good or bad . This evaluation is not based on the absolute value of the outcome ; rather, it is the value of an outcome relative to alternative outcomes that drives the FN. For instance, even a feedback stimulus indicating a loss of points or money may be evaluated as good if the alternative would have been an even greater loss. Although the FN has traditionally been interpreted as a negative deflection in response to unfavorable outcomes, recent reports suggest that the apparent negativity may actually be an epiphenomenon created by the absence of a reward-related positivity on non-rewarded trials (Baker and Holroyd, 2011; Foti and Hajcak, 2009; Foti et al., 2011; Foti et al., in press; Holroyd et al., 2008) . That is, the FN may be better thought of as a positivity that is increased for favorable outcomes, and that variation in FN magnitude is driven by neural sensitivity to rewards.
A prominent theory of the FN, the reinforcement-learning (RL) theory, suggests that the FN reflects phasic activity in the midbrain dopamine system (Holroyd and Coles, 2002) . Consistent with this perspective, source localization techniques have implicated the ACC (Gehring and Willoughby, 2002; Potts et al., 2006 ) and the striatum Foti et al., in press; Martin et al., 2009) as likely neural generators of the FN. The generation of the FN within reward-sensitive brain networks is also supported by pharmacological (Santesso et al., 2009 ) and combined EEG/fMRI studies (Martin et al., 2009) . In one recent guessing-task study, FN amplitude (measured as a difference between principal components analysis scores for losses and gains) correlated directly with reward-related activation in the ventral striatum measured using fMRI, as well as with the mesocorticolimbic reward circuit more broadly, including regions in the mPFC/ACC and orbitofrontal cortex (Carlson et al., 2011) .
Given its association with reward processing, the FN is a logical choice to investigate with respect to individual differences in depressive symptoms. One study in a non-clinical sample of undergraduate students, in which participants chose one of two doors on a computer screen that concealed either a monetary reward or loss, found that participants with higher depression scores showed smaller differences in FN amplitude between losses and gains than did participants with lower depression scores; that is, depressive symptoms were associated with reduced neural differentiation between losses and gains (Foti and Hajcak, 2009) . Similarly, selfreported sadness after a mood induction also predicted a blunted FN in undergraduate students in a similar door-guessing task (Foti and Hajcak, 2010) , and this effect was recently replicated and larger among 15-17-year-old girls with a parental history of depression in a door-guessing task . In the study by Foti et al. (2011) , participants at risk for depression showed a stronger association between sadness and blunted FN after a mood induction than did those not at risk.
To date, however, little research has been conducted to investigate the FN in children, especially in relation to individual differences in depressive symptoms. Some studies with healthy participants have reported a monotonic decrease in FN magnitude from childhood to young adulthood and into old age (Eppinger et al., 2008 (Eppinger et al., , 2009 Hammerer et al., 2011; Pietschmann et al., 2008) . Hammerer et al. (2011) additionally found that reward sensitivity -as represented by the difference between the FN magnitude in response to losses and gains -takes the shape of an inverted U across the lifespan, peaking during adolescence and declining through adulthood. However, in contrast to the type of gambling task often used to study the FN, many of these studies used probabilistic paradigms in which participants learned to distinguish between stimuli that were more or less likely to result in a reward. In this type of paradigm, the FN might reflect both reward-and learning-related (i.e., performancebased) information.
The current study aimed to extend findings with teenage participants (e.g., Foti et al., 2011) to a younger, non-clinical sample of children and to examine the associations between pubertal development and responsiveness to reward. We employed a relatively simple paradigm to elicit an unambiguous measure of reward sensitivity: on each trial, participants chose between one of two doors, and subsequently could win or lose a nominal amount of money. We administered this task to a non-clinical sample of 8-13-yearolds in order to investigate the relationship between depressive symptoms and neurophysiological response to rewards (i.e., the FN). Moreover, we examined the relationship between the FN and both age and pubertal development, as assessed by child and parent self-report. We predicted that, consistent with findings from behavioral and neuroimaging studies, the FN would differentiate monetary losses from monetary gains and that, as in adults, the difference between loss and gain trials would be attenuated among children with higher depressive symptom scores. We expected that this relationship might specifically be driven by the neural response to rewards (e.g., Foti and Hajcak, 2009) . Furthermore, based on the findings from Hammerer et al. (2011) and the widely supported finding that reward responsiveness increases in adolescence (Galvan, 2010) , we predicted that reward sensitivity, as reflected by the FN difference, would increase as a function of age and pubertal development. There is little in the literature to provide information about gender effects on the FN; therefore, we did not have a specific hypothesis regarding associations between gender and FN, but we investigated possible relationships as an exploratory analysis.
Methods

Participants
Participants were recruited from Stony Brook and the surrounding community using a commercial mailing list targeting families with 8-13-year-old children. Letters were sent to 800 families from the mailing list, and the letters were followed up with phone calls. Of those families who were contacted, 101 initially expressed interest in participating and were scheduled for appointments. Out of those 101 families, 30 did not participate due to one or more of the following reasons: did not have time, decided not to participate for personal reasons, or did not show up for scheduled appointments more than two times and were not contacted again. Seventy-one families showed up for their scheduled appointments, and two of these did not participate in any EEG-based paradigm (one child had Asperger's syndrome and was unable to complete the tasks, and the other child was unable to sit still and eventually refused to participate in tasks). Thus, in total, 69 children participated in the overall study.
Out of the 69 study participants, two did not complete the guessing task and therefore were not included in data analysis. Furthermore, participants with FN difference scores, CDI:SR scores, or CDI:P scores greater than three standard deviations from the mean were excluded from analysis; an additional three participants were excluded according to this criterion. Thus, a total of five out of the 69 participants in the overall study were excluded from analysis. The final sample comprised 64 participants (26 females, 38 males; age: mean = 10.66, SD = 1.60).
Children received $40.00 for study completion, plus a bonus of $5.00 for the guessing task. Assent was obtained from child participants, and informed consent was obtained from their parent before the experiment. This study was formally approved by the Stony Brook University Institutional Review Board.
Measures
After assent and consent were obtained, participants were given several computer-administered questionnaires. Child participants were given the short version of the Children's Depression Inventory self-report measure (CDI:SR), a 10-item questionnaire (items on a 0-2 scale, possible total scores 0-20) used to gauge depressive symptomatology in children (Kovacs, 1992) . Kovacs (2003) suggests a clinical cutoff for the CDI at the 85th percentile; for the CDI:SR short form, this corresponds to a raw score of 6 for children aged 7-12. Children completed the Screen for Child Anxiety Related Emotional Disorders (SCARED; Birmaher et al., 1997) to assess for anxiety symptoms. The SCARED consists of 41 items rated "not true or hardly ever true," "somewhat true or sometimes true," and "very true or often true;" item ratings are converted to scores of 0, 1, or 2, respectively, and then summed for a total score. Children were also given the Pubertal Development Scale (PDS; Petersen et al., 1988) , which assesses the degree to which several indicators of puberty (e.g., growth spurt, body hair) are present. The PDS consists of 5 items (each on a 1-4 scale representing no development to completed development) that are averaged together into a summary score. If children were unable to understand a given question on any measure, an experimenter of the same gender as the participant was available to explain it further. Parents filled out the parent versions of the CDI (CDI:P), SCARED, and the PDS in reference to their child. For the CDI:P, the 85th-percentile clinical cutoff score is 20 for boys aged 7-12 and 17 for girls aged 7-12 (Kovacs, 2003) .
Guessing task
The guessing task was administered using Presentation software (Neurobehavioral Systems, Inc., Albany, CA, USA) and was similar to the version used in previous studies (Dunning and Hajcak, 2007; Hajcak, 2009, 2010) . The task consisted of 60 trials, presented in three blocks of 20 trials separated by a break that lasted as long as the participant chose. At the beginning of each trial, participants were presented with an image of two doors. They were instructed to choose one door by clicking on the left mouse button for the left door or the right mouse button for the right door. Participants were told that they could either win or lose real money on each trial, and that the goal of the task was to correctly guess which door hid the reward and to earn as much money as possible. Participants were not explicitly told that feedback was random or that they should use a strategy. The image of the doors remained on the screen until the participant made a choice. After stimulus offset, a fixation mark (+) appeared for 1000 ms, and feedback was presented on the screen for 2000 ms. Participants were told that they could either gain $0.50 or lose $0.25 on each trial; these values were chosen in order to equalize the subjective values of the gains and losses Kahneman, 1981, 1992) . A gain of $0.50 was indicated on the feedback screen by a green "↑," and a loss of $0.25 was indicated by a red "↓." After offset of the feedback stimulus, a fixation mark appeared for 1500 ms and was followed by the message "click for the next round", which remained on the screen until the participant responded and the next trial began. The probability of winning over the course of the experiment was exactly 50%; 30 gain and 30 loss feedback trials were presented to each participant, in a fully random order.
Following the questionnaires, the computer tasks were briefly explained to children and electroencephalograph (EEG) electrodes were applied. All participants performed other tasks in addition to the guessing task, to be described elsewhere; tasks were counterbalanced across the session.
Psychophysiological recording, data reduction, and analysis
EEG recordings were collected using the ActiveTwo BioSemi System (BioSemi, Amsterdam, Netherlands) with a custom cap, which used 34 electrodes arranged according to the 10/20 system, including FCz and Iz. Additional recordings were taken from the right and left mastoids. Electrooculogram (EOG) activity generated from eye movements and blinks was recorded from four electrodes: one placed approximately 1 cm to the right of the right eye, one approximately 1 cm to the left of the left eye, and one each approximately 1 cm above and below the left eye. The signal was pre-amplified at the electrode with a gain of one; electroencephalogram data were digitized at 24-bit resolution with a sampling rate of 1024 Hz using a low-pass fifth order sinc filter with a half-power cutoff of 204.8 Hz. Each electrode was measured online with respect to a common mode sense electrode that formed a monopolar channel.
Off-line analyses were conducted using BrainVision Analyzer (Brain Products, Munich, Germany) with all channels re-referenced to the average of the two mastoid recordings and band-pass filtered with cutoffs of .1 and 30 Hz. EEG was segmented for each trial, beginning 200 ms before onset of the feedback stimulus and ending 600 ms after onset of the feedback stimulus. EEG was corrected for EOG artifact using the procedure developed by Gratton et al. (1983) . Physiological artifacts were rejected using a semi-automated procedure with a maximal allowed voltage step of 50 V/ms between sample points, a maximal voltage difference of 300.0 V in a given trial, and a minimum allowed voltage of .50 V within an interval of 100 ms. Stimulus-locked ERPs were averaged separately for losses and gains, using the 200 ms before stimulus onset as baseline. ERP activity was quantified on gains and losses as the pooled activity at Fz, FCz, and Cz, as the average activity from 275 ms to 375 ms after stimulus onset. The FN was defined as the activity on losses minus the activity on gains. The difference score provides a measure of neural sensitivity to outcome valence regardless of source; this scoring method has been used in a number of previous studies (e.g., Christie and Tata, 2009; Dunning and Hajcak, 2007; Hajcak, 2009, 2010; Gu et al., 2010; Hajcak et al., 2007; Hammerer et al., 2011; Moser and Simons, 2009; Nieuwenhuis et al., 2005) . This scoring method is limited to some extent by the fact that it does not allow for investigating the individual contributions of responses to gains and losses. However, individual scoring of gain and loss responses can be misleading, in that it can indicate an ERP component where one does not exist (Luck, 2005) . In a follow-up analysis, we also examined ERP responses to gains and losses separately.
Results
Psychological and developmental measures
Means, standard deviations, and ranges for the psychological and developmental measures are reported in Table 1 . Parentrated PDS score was positively correlated both with age (r = .65, p < .001) and children's self-rated PDS score (r = .67, p < .001); children's self-reported PDS score was also positively correlated with age (r = .46, p < .001). Parent-rated CDI and children's self-rated CDI were only moderately correlated with one another (r = .35, p < .01). Using the summation of the z-scores for the parent-and selfrated CDI, we created an aggregate measure of total depressive symptoms (CDI:T), which we used as our primary depressive symptomatology variable. Aggregate CDI was not correlated with either parent-reported PDS or child-reported PDS (all p values > .05). Girls (M = 1.89, SD = .70) had significantly higher parent-rated PDS scores than boys (M = 1.52, SD = .68; t(62) = 2.12, p < .05; Cohen's d = .54). However, boys and girls did not differ on self-reported PDS or aggregate CDI (p values > .05).
Using the five-level Puberty Category Score criteria from Carskadon and Acebo (1993) , which calculate degree of development from certain items of the self-reported PDS, 11 participants were categorized as prepubertal, 24 as early pubertal, 22 as midpubertal, 5 as late pubertal, and 2 as postpubertal. When calculated from parents' ratings, 34 children were categorized as prepubertal, 5 as early pubertal, 19 as midpubertal, 6 as late pubertal, and 0 as postpubertal. Thus, in the current sample, the vast majority of participants were in early or mid puberty-and only a couple of participants had completed puberty.
Feedback negativity
A repeated-measures ANOVA with a Greenhouse-Geisser correction found no significant difference between sites Fz, FCz, and Cz (F(1.49, 93.90) = .48, p = .57; Á p 2 = .01); thus, the three electrode sites were pooled for analysis. The feedback-locked ERPs at Fz/FCz/Cz are presented in Fig. 1(left) . Consistent with previous work in adults, feedback indicating monetary loss was associated with a relative negativity around 330 ms compared to feedback indicating monetary gain. The difference between losses and gains (i.e., the FN) was maximal at frontocentral sites (Fig. 1, right) . A paired-samples t-test confirmed that monetary losses (M = 8.05 V, SD = 8.49 V) were associated with a greater negativity than gains (M = 11.01 V, SD = 9.11 V; t(63) = −3.79, p < .001; Cohen's d = .34).
A series of bivariate correlations was performed in order to relate the FN (i.e., losses minus gains) to psychological and developmental measures. The FN did not differ between boys and girls (t(62) = 1.67, p = .10; Cohen's d = .42), and was unrelated to age (r = −.04, p = .78), child-reported PDS (r = −.06, p = .65), and parentreported PDS (r = .03, p = .80). However, the FN was significantly correlated with CDI:T (r = .38, p < .01; see Figs. 2 and 3 ). When CDI:T was broken down into its component measures, FN was significantly correlated with CDI:SR (r = .33, p < .01), and with CDI:P (r = .30, p < .05). 1,2 Since the FN difference score is numerically negative, these positive correlations indicate that an increase in both self-rated and parent-rated depressive symptom scores was associated with a reduction in the FN (i.e., less neural differentiation 1 When the scatterplot in Fig. 2 was examined visually, it appeared that the participants with the highest CDI:T score and the most negative FN may have been driving this result. When these participants were removed from the analysis, CDI:T remained significantly correlated with FN(r = .41, p = .001), as did CDI:SR (r = .33, p = .01) and CDI:P (r = .33, p < .01).
2 The CDI:P has two subscales: Emotional Problems, which includes items such as "looks sad" and "is cranky or irritable," and Functional Problems, which includes items such as "enjoys being with people" and "is showing worse school performance than before" (Kovacs, 2003) . FN was significantly correlated with Emotional Problems (r = .42, p = .001), but not with Functional Problems (r = .09, p = .49).
between losses and gains). Additional correlations were performed to examine the relationships between depressive symptom rating scores and participants' neural responses to losses and gains separately. CDI:T predicted the ERP response to gains (r = −.27, p < .05), but not losses (r = −.01, p = .94), and the association with gains was significantly stronger (Z = 2.94, p < .01). A similar pattern emerged for the self-report measure: CDI:SR predicted the ERP response to gains (r = −.27, p < .05), but not losses (r = −.05, p = .71), and the association with gains was significantly stronger (Z = 2.49, p = .01). The correlation between CDI:P and response to gains did not reach significance (r = −.17, p = .17), nor did the correlation between CDI:P and losses (r = 0.03, p = .81).
FN was not correlated with either SCARED:SR (r = .13, p = .30) or SCARED:P (r = .20, p = .11). Similarly, a simultaneous regression (overall R 2 = .15, F(3,60) = 3.40, p < .05) found no significant contribution of either SCARED:SR (t(60) = −.29, p = .78) or SCARED:P (t(60) = .21, p = .84) beyond the variance accounted for by CDI:T (ˇ = .38, t(60) = 2.67, p = .01).
Discussion
As expected, FN amplitude in children was observed as a frontally maximal component that was more negative in response to losses than rewards. This is consistent with previous research in adults (e.g., Dunning and Hajcak, 2007; Foti and Hajcak, 2009 ) and children (Hammerer et al., 2011) . Also consistent with the adult literature, when FN was calculated as the difference between losses and gains, FN in children was reduced as a function of depressive symptoms. When the aggregate depressive symptom score was broken down into its component scales, FN was reduced as a function of children's self-report of depressive symptoms as well as their parents' reports of the children's depressive symptoms. In both cases, as depressive symptom scores increased, electrocortical sensitivity to losses compared to rewards decreased. Based on the analysis of the CDI:P subscales, it also appears that association between FN and depressive symptoms are driven by emotional problems rather than functional problems. Interestingly, although both self-rated and parent-rated depressive symptom scores were associated with a decrease in sensitivity to outcome, the two factors were only moderately correlated with each other. This is not entirely surprising, given the generally low correlations between self-reports in children and reports by informants (Achenbach et al., 1987) , particularly for internalizing disorders such as depression. While such discrepancies are common, they may be even more so in children, who may be less developmentally prepared to make critical observations of themselves. Although a large literature assumes that the FN is an increased negativity to losses, recent work suggests instead that the variation in FN amplitude is primarily driven by rewards (Holroyd et al., , 2008 . Similarly, Foti et al. (in press) used temporospatial principal components analysis (PCA) to investigate the underlying structure of the ERP response to monetary feedback, and identified a positive component that was increased for rewards and reduced for losses. In other words, the apparent negativity to losses appears to reflect the absence of a reward-related positivity on loss trials, and thus the FN may be more aptly characterized as a reward-related positivity. It is notable that when responses to losses and rewards were examined separately in the current study, participants' depressive symptom scores related to the neural response to rewards but not losses. Fig. 3 likewise suggests that the neural response to losses was equivalent in the high-and low-symptom groups based on a median-split of the CDI:T; on the other hand, the groups differed in their responses to rewards, such that only participants low in depressive symptoms were characterized by a more positive ERP following gains. The current results contribute to the growing literature suggesting that individual differences in FN magnitude may be driven specifically by sensitivity to rewards.
Overall, the FN in the current study was quite similar to what has been reported in adults, both in terms of morphology and topographical distribution. Furthermore, both children and adults have in common the decreased differentiation between rewards and non-rewards as a function of depressive symptoms. These data suggest a developmentally consistent relationship between depressive symptoms and dysfunctional reward processing. Our results are consistent with recent fMRI findings (Diekhof et al., 2008 ) that both clinically depressed adults ) and clinically depressed adolescents (Forbes et al., 2006) show blunted responsiveness to reward.
Importantly, the feedback used in the current study was independent of participants' performance, allowing for a relatively unambiguous interpretation of the results. Studies using performance-based feedback have shown mixed results. Gotlib et al. (2010) , for instance, used a task in which feedback was based on reaction time. They reported that 10-14-year-old daughters of mothers with a history of recurrent depression showed decreased neural reactivity to reward compared to girls of non-depressed mothers-namely, using fMRI, the high-risk girls had less activation in the left putamen and several areas in the cingulate gyrus in response to reward feedback, and more activation in the dorsal cingulate gyrus in response to loss feedback. Forbes et al. (2006) reported similar results: 9-17-year-olds with depression had decreased neural activation using fMRI in reward-related brain areas in a task where feedback was not as closely tied with performance. These findings are consistent with those of the current study and with other EEG studies using non-performance-based feedback, which likewise find decreased neural response associated with depressive symptomatology.
On the other hand, some EEG studies have used performancebased feedback (e.g., Tucker et al., 2003) , and found that depression is associated with a larger FN (although, interestingly, within the depression group, the more severely depressed participants had somewhat smaller FNs). However, such studies may conflate the effects of gaining or losing money with performing well or poorly, and their results could reflect a combination of the effects of response monitoring and reward processing. It is therefore unsurprising that some studies using performance-based feedback produce different results from those that use more pure measures of reward and non-reward that do not also convey performancerelated information.
Contrary to our second hypothesis, there was no observed association between FN amplitude and either age or degree of pubertal development. The age group we targeted was expected to contain children at a variety of developmental stages; however, PDS scores indicated that participants were more developmentally homogeneous than expected: relatively few participants had reached even late puberty. Thus, there may not have been enough variability in pubertal development for an association with FN to emerge, and it is difficult to make any clear conclusions regarding the role of development in the topology of the FN. Given the existing work by Hammerer et al. (2011) , there is reason to believe that FN may increase over the course of puberty, if the sample includes a sufficiently wide range of pubertal development. Therefore, although the current results do not provide support for this association, the FN retains the potential to be an excellent biomarker of depression. Future research that combines cross-sectional and longitudinal designs with children and young adolescents across a broader range of ages and developmental stages will be needed in order to more fully investigate potential changes in the FN over various stages of development throughout childhood and adolescence.
The difference-wave approach to ERPs employed in the current study carries some potential limitations; namely, using this approach, it is not possible to pinpoint effects specifically to gain or loss responses. However, evaluating the gain and loss waves individually leads to the possibility of erroneously identifying a component that may arise as an artifact of underlying components (Luck, 2005) . The difference-wave approach circumvents this problem by removing the effects of common underlying components that are unlikely to change as a result of the win/loss manipulation. Thus, despite its limitations, the difference-wave approach offers sufficient advantages to justify its use in studies of the FN.
Another limitation of the current research is the non-clinical sample-and these findings may not generalize to a clinical population. Relatedly, it is possible that some participants may have been clinically depressed; because no diagnostic assessment was done, it was not possible to determine whether any participants met criteria for MDD or other comorbid disorders. Future work will be needed to establish that FN is reduced among clinically depressed children, extending the existing work on depression and rewards from neuroimaging (Forbes et al., 2006; May et al., 2004; Smoski et al., 2009) . Establishing the same association using electrocortical measures might be important, given that EEG may be a better tolerated and less expensive measure of reward in depressed samples, and that it is unaffected by some of the unique challenges inherent in this age group (e.g., orthodontic braces). EEG recording also has excellent temporal resolution, and as such can provide complementary information to behavioral and fMRI studies.
It also remains to be clarified whether comorbid disorders may impact the association between depressive symptoms and electrocortical sensitivity to reward. The current results suggest that anxiety symptoms do not affect this relationship, but since there was no diagnostic evaluation, it is possible that clinically significant anxiety may have an effect. Furthermore, future studies might investigate relationships between the FN and subjective reports of emotion in response to winning and losing, and with more specific facets of depression, such as anhedonia.
Given the correlational nature of the current study, we are unable to draw firm conclusions about the causal direction of our findings. It is possible that a reduced FN in children reflects a predisposition toward increased depressive symptomatology; however, it is also possible that the FN decreases as a result of depressed mood. Research with adults has shown that the FN has both stateand trait-like qualities. Greater self-reported sadness after a mood induction is associated with a blunted FN (Foti and Hajcak, 2010) , suggesting that responsiveness to reward is state-dependent. In a recent study, however, this association between state sadness and FN amplitude was greater among older adolescents with a parental history of depression, suggesting that neural sensitivity to rewards is more strongly modulated by current mood state among high-risk populations Foti et al., in press) . In both studies, as in the current study, amplitude was greater in response to rewards than in response to non-rewards, resulting in a negative loss-win FN difference score. In future studies, it will be important to determine whether this effect is seen before the onset of a first diagnosable depressive episode, or whether it is a concomitant or consequence of depressive symptoms.
